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(57)Abstract: 

PURPOSE: To prevent deterioration of storage performance of 
a battery by using solvent including specific asymmetric and 
acyclic sulfone in the battery provided with a negative and a 
positive electrode, and nonaqueous electrolyte mainly 
comprising the solvent and solute. 
CONSTITUTION: A battery comprises a separator of 
polypropylene in which organic electrolyte is impregnated, held 
by a positive electrode 6 mainly comprising lithium-cobalt 
composite oxide and a negative electrode 3 mainly comprising 
graphite, which are closed and sealed by a case 1 of stainless 
also acting as a positive electrode terminal and a sealing plate 2 
of stainless also acting as a negative electrode terminal through 
a gasket 4. The electrolyte comprises solute such as lithium 
phosphate hexafluoride dissolved by solvent including 
asymmetric and acyclic sulfon expressed by a formula of 
ethylene carbonate, diethyl sulfone, etc., where in the formula, R 
is an alkyl group selected among ethyl, n-propyl, isopropyl, 
n-butyl, sec-butyl, isobutyl, and t-butyl. 
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* NOTICES * 

Japan Patent Office is not responsible for any 
damages caused by the use of this translation. 

1 . This document has been translated by computer.So the translation may not reflect the original precisely. 

2. **** shows the word which can not be translated. 
3.1n the drawings, any words are not translated. 



CLAIMS 



[Claim(s)] 

[Claim 1] The nonaqueous electrolyte cell which is a cell equipped with the nonaqueous electrolyte which 
makes a principal component a negative electrode, a positive electrode, and a solvent and a solute, and is 
characterized by containing the symmetry [ which is expressed with **, 1 ] un-annular [ the aforementioned 
solvent ] sulfone. 
[Formula 1] 

0^ /> 

s 

However, R is an alkyl group chosen from ethyl, n-propyl, an isopropyl, n-butyl, sec-butyl, an isobutyl, and 
t-butyl among ** 1 . 
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DETAILED DESCRIPTION ^ 

[Detailed Description of the Invention] 
[0001] 

[Industrial Application] this invention relates to the lithium cell which is the high-energy density as the 
power supply for a drive or memory maintenance power supply of electronic equipment, and has high 
reliability. 
[0002] 

[Description of the Prior Art] With the formation of small lightweight with rapid electronic equipment, to the 
cell which is the power supply, it is small, lightweight, and high-energy density, and the demand to 
development of the rechargeable battery in which repeat charge and discharge are still more possible is 
increasing. As a rechargeable battery which fills these demands, a nonaqueous electrolyte rechargeable 
battery is the most promising. 

[0003] Various things, such as lithium cobalt multiple oxides including 2 titanium sulfides, a spinel type 
lithium manganic acid ghost, a vanadium pentoxide, and a molybdenum trioxide, are examined by the positive 
active material of a nonaqueous electrolyte rechargeable battery. Especially, since [ more than 4V (Li/Li+) ] 
charge and discharge are extremely performed by electropositive potential, a lithium cobalt multiple oxide 
(LiCo02) and a spinel type lithium manganic acid ghost (LiMn 204) can realize the cell which has high 
discharge voltage by using as a positive electrode. 

[0004] As for the negative-electrode active material of a nonaqueous electrolyte rechargeable battery, 
although various things, such as Li-aluminum alloys, carbon materials, etc. of a lithium including a metal 
lithium in which occlusion and discharge are possible, are examined, a carbon material has the advantage 
that a cell with a long cycle life with high and safety is obtained, especially. 

[0005] However, in this seed cell, while making into a negative-electrode active material the lithium which 
has **** potential, In order to use the metallic oxide which has electropositive potential, it is in the situation 
that the electrolytic solution is easy to be decomposed in a negative electrode and each positive electrode 
in a positive electrode. Therefore, it is indispensable to consider as the composition which took these points 
into consideration in selection of the electrolytic solution, and using the various electrolytic solutions has 
been proposed. Those most mix hypoviscosity solvents, such as 1 , 2-dimethoxyethane, dimethyl carbonate, 
ethyl methyl carbonate, and diethyl carbonate, as a solvent to high dielectric constant solvents, such as 
propylene carbonate, ethylene carbonate, gamma-butyrolactone, and a sulfolane. 

[0006] On the other hand, generally as a solute, the lithium perchlorate, the trifluoromethane sulfonic-acid 
lithium, the 6 fluoride [ phosphoric acid ] lithium, etc. are used. A 6 fluoride [ phosphoric acid ] lithium is 
briskly used increasingly especially in recent years from the reason the ion conductivity of the electrolytic 
solution in which safety made it dissolve highly is high. 

[0007] However, even if it used the electrolytic solution which was mentioned above, when the cell was 
stored at the elevated temperature for a long period of time, the electrolytic solution was decomposed in a 
negative electrode and each positive electrode, and there was a problem that a cell performance fell 
remarkably. 
[0008] 

[Means for Solving the Problem] this invention is a cell equipped with the nonaqueous electrolyte which 
makes a principal component a negative electrode, a positive electrode, and a solvent and a solute, and the 
above-mentioned problem is solved by containing the symmetry un-annular sulfone expressed with ** 1 by 
the aforementioned solvent. 
[0009] 

[Formula 1] However, R is an alkyl group chosen from ethyl, n-propyl, an isopropyl, n-butyl, cec-butyl, an 

isobutyl, and t-butyi among ** 1 . 

[0010] 

[Function] As mentioned above, by this seed cell, it is easy to produce the decomposition reaction of the 
electrolytic solution, and it is possible that it is the main factor to which this degrades a cell performance. 
However, when the symmetry un-annular sulfone which has the alkyl group chosen as a solvent from ethyl, 
n-propyl, an isopropyl, n-butyl, sec-butyl, an isobutyl, and t-butyl was used, it excelled in the preservation 
property, and a cycle property also finds out that a good cell is obtained and came to complete this 
invention. That is, if the above-mentioned symmetry un-annular sulfone is used for the solvent of the 
electrolytic solution, since it is chemically stable in itself, it will be thought that a decomposition reaction 
stops being able to happen easily. Moreover, since it is chemically stable as compared with an unsymmetrical 
un-annular sulfone, a symmetry un-annular sulfone can offer the more excellent cell. 
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[0011] 

[Example] Below, this invention is explained using a suitable example. 

[0012] A positive electrode carries out pressurization molding, after mixing enough the carbon powder as a 
lithium cobalt multiple oxide (LiCo02) and an electric conduction agent, and the fluororesin powder as a 
binder by the weight ratio of 90:3:7. A negative electrode carries out pressurization molding, after mixing a 
graphite and the fluororesin powder as a binder enough by the weight ratio of 91:9. 
[0013] Drawing 1 is drawing of longitudinal section of a cell. It is the case which serves as the 
positive-electrode terminal which 1 pierced the stainless steel (SUS316) steel plate, and was processed in 
this drawing, and the obturation board which serves as the negative-electrode terminal into which 2 pierced 
the stainless steel (SUSU316) steel plate, and it was processed, and the negative electrode 3 is contacted 
by the wall. The separator which consists of polypropylene into which 5 sank the organic electrolytic 
solution, and 6 are carrying out sealing obturation by binding tight the periphery of the obturation board 2 
which serves as a negative-electrode terminal the opening edge of the case 1 which is a positive electrode 
and serves as a positive-electrode terminal through a caulking and a gasket 4 to the inner direction. 
[0014] What dissolved the 6 fluoride [ phosphoric acid ] lithium in the organic solvent which mixed ethylene 
carbonate and the diethyl sulfone by the volume ratio' 1:1 by the concentration of one mol/l. was used for 
the organic electrolytic solution. It did about 1 50microl pouring in of the above-mentioned electrolytic 
solution at the cell. 

[0015] This cell size is 2mm in the diameter of 20mm, and height. And the cell created in this way was used 
as this invention cell (A). 

[0016] Everything but having used the mixture (volume ratio 1:1) of ethylene carbonate and a dipropyl 
sulfone, the mixture (volume ratio 1:1) of a sulfolane and a diethyl sulfone, and the mixture (volume ratio 1:1) 
of a sulfolane and a dipropyl sulfone as an organic solvent set to (B), (C), and (D) the cell of this invention 
considered as the same composition as this example, respectively. 

[0017] Everything but furthermore having used the mixture (volume ratio 1:1) of the mixture (volume ratio 
1:1) of the mixture (volume ratio 1:1) of ethylene carbonate and ethyl methyl carbonate, ethylene carbonate, 
and 1 and 2-dimethoxyethane, the mixture (volume ratio 1:1) of a sulfolane and ethyl methyl carbonate and a 
sulfolane, and 1 and 2-dimethoxyethane as an organic solvent for comparison calls the comparison cell 
considered as the same composition as the cell of this invention a (a) (b) f a (c), and (d), respectively. 
[0018] Next, it is 10 cycle ******** about the charge-and-discharge cycle-life examination which charges 
these cells by the 2.0mA constant current until terminal voltage results in 4.2V, and discharges until terminal 
voltage similarly amounts to 3V in a 2.0mA constant current. After stopping in the state of charge, it stored 
for ten days in 85-degree-C thermostat. 5 cycle deed cell capacity was checked for charge and discharge 
on the same conditions after storage and as storage before. The service capacity before storage of each 
cell (10 cycle eye) and after storage (5 cycle eye) is shown in Table 1. 
[0019] 
[Table 1] 
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the Ming kana from the result of Table 1 — like, although the cell capacity before storage was concerned 
with the kind of cell and was [ that there is nothing ] of the same grade, the cell capacity after storage had 
deteriorated about 50% about 30% in a comparison cell (a) and a (b) at a comparison cell (c) The fall of cell 
capacity of this invention cell (A), (B), and (C) is as small as about 5% or less, and it turns out that the 
outstanding keeping ability is shown. 

[0020] In addition, although the above-mentioned example explained the case where a diethyl sulfone and a 
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dipropyl sulfone were used as an un-annular sulfone, the same effect will be acquired if the inside R of ** 1 
is the un-annular sulfone which is the alkyl group chosen from ethyl, n-propyl, an isopropyl, n-butyl, 
sec-butyl, an isobutyl, and t-butyl. 

[0021] As an example, a diisopropyl sulfone, a dibutyl sulfone, a diisobutyl sulfone, a G t-butyl sulfone, etc. 
are raised. Furthermore, in the above-mentioned example, although the case where a lithium cobalt multiple 
oxide was used as a positive active material was explained, various things, such as manganese dioxide 
including a lithium nickel multiple oxide (LiNi02) and 2 titanium sulfides, a spinel type lithium manganic acid 
ghost (LiMn 204), a vanadium pentoxide, and a molybdenum trioxide, can be used. Moreover, although the 
graphite was used as a negative electrode, a negative-electrode active material can use the 
negative-electrode active? material which is not limited fundamentally but is used for the conventional lithium 
cell, for example, a metal lithium, a lithium alloy, etc. in using the electrolytic solution of this invention. 
Moreover, in the above-mentioned example, although the example of application to a rechargeable battery 
was explained, the same effect is acquired also in a primary cell. 

[0022] Moreover, a solute is not limited fundamentally, either. For example, one or more sorts, such as a 
lithium perchlorate, a 6 fluqride arsenic-acid lithium, 4 fluoride lithium borate, and a trifluoromethane 
sulfonic-acid lithium, can be used. 

[0023] In addition, although each cell concerning the aforementioned example is a coin form cell, the same 
effect is acquired even if it applies this invention to a cylindrical shape, a square shape, or a paper form cell. 
[0024] 

[Effect of the Invention] Being able to suppress effectively the fall of the keeping ability which is the 
problem of this seed cell by containing the symmetry un-annular sulfone which has the alkyl group as which 
the aforementioned solvent is chosen from ethyl, n-propyl, an isopropyl, n-butyl, sec-butyl, an isobutyl, and 
t-butyl in a cell equipped with the nonaqueous electrolyte which makes a principal component a negative 
electrode, a positive electrode, and a solvent and a solute, as mentioned above, the industrial value is size 
very much. , 
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* NOTICES * 

Japan Patent Office is not responsible for any 
damages caused by the use of this translation. 

1. This document has been translated by computer.So the translation may not reflect the original precisely. 

2. **** shows the word which can not be translated. 
3.1n the drawings, any words are not translated. 



TECHNICAL FIELD 



[Industrial Application] this invention relates to the lithium cell which is the high-energy density as the 
power supply for a drive or memory maintenance power supply of electronic equipment, and has high 
reliability. 
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EFFECT OF THE INVENTION 



[Effect of the Invention] In the cell equipped with the nonaqueous electrolyte which makes a principal 
component a negative electrode, a positive electrode, and a solvent and a solute as mentioned above Being 
able to suppress effectively the fall of the keeping ability which is the problem of this seed cell by containing 
the symmetry un-annular sulfone which has the alkyl group as which the aforementioned solvent is chosen 
from ethyl, n-propyl, an isopropyl, n-butyl. sec-butyl, an isobutyl, and t-butyl, the industrial value is size very 
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TECHNICAL PROBLEM 



[Description of the Prior Art] With the formation of small lightweight with rapid electronic equipment, to the 
cell which is the power supply, it is small, lightweight, and high-energy density, and the demand to 
development of the rechargeable battery in which repeat charge and discharge are still more possible is 
increasing. As a rechargeable battery which fills thes6 demands, a nonaqueous electrolyte rechargeable 
battery is the most promising. 

[0003] Various things, such as lithium cobalt multiple oxides including 2 titanium sulfides, a spinel type 
lithium manganic acid ghost, a vanadium pentoxide, and a molybdenum trioxide, are examined by the positive 
active material of a nonaqueous electrolyte rechargeable battery. Especially, since [ more than 4V (Li/Li+) ] 
charge and discharge are extremely performed by electropositive potential, a lithium cobalt multiple oxide 
(LiCo02) and a spinel type lithium manganic acid ghost (LiMn 204) can realize the cell which has high 
discharge voltage by using as a positive electrode. 

[0004] As for the negative-electrode active material of a nonaqueous electrolyte rechargeable battery, 
although various things, such as Li-aluminum alloys, carbon materials, etc. of a lithium including a metal 
lithium in which occlusion and discharge are possible, are examined, a carbon material has the advantage 
that a cell with a long cycle life with high and safety is obtained, especially. 

[0005] However, in this seed cell, while making into a negative-electrode active material the lithium which 
has **** potential, in order to use the metallic oxide which has electropositive potential, it is in the situation 
that the electrolytic solution is easy to be decomposed in a negative electrode and each positive electrode 
in a positive electrode. Therefore, it is indispensable to consider as the composition which took these points 
into consideration in selection of the electrolytic solution, and using the various electrolytic solutions has 
been proposed. Those most mix hypoviscosity solvents, such as 1 , 2-dimethoxyethane, dimethyl carbonate, 
ethyl methyl carbonate, and diethyl carbonate, as a solvent to high dielectric constant solvents, such as 
propylene carbonate, ethylene carbonate, gamma-butyrolactone, and a sulfolane. 

[0006] On the other hand, generally as a solute, the lithium perchlorate, the trifluoro methane sulfonic-acid 
lithium, the 6 fluoride [ phosphoric acid ] lithium, etc. are used. A 6 fluoride [ phosphoric acid ] lithium is 
briskly used increasingly especially in recent years from the reason the ion conductivity of the electrolytic 
solution in which safety made it dissolve highly is high. 

[0007] However, even if it used the electrolytic solution which was mentioned above, when the cell was 
stored at the elevated temperature for a long period of time, the electrolytic solution was decomposed in a 
negative electrode and each positive electrode, and there was a problem that a cell performance fell 
remarkably. 
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MEANS 

[Means for Solving the Problem] this invention is a cell equipped with the nonaqueous electrolyte which 
makes a principal component a negative electrode, a positive electrode, and a solvent and a solute, and the 
above-mentioned problem is solved by containing the symmetry un-ahnular sulfone expressed with ** 1 by 
the aforementioned solvent. 
[0009] 

[Formula 1] However, R is an alkyl group chosen from ethyl, n-propyl, an isopropyl, n-butyl, cec-butyl, an 
isobutyl, and t-butyl among ** 1 
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OPERATION 



[Function] As mentioned above, by this seed cell, it is easy to produce the decomposition reaction of the 
electrolytic solution, and it is possible that it is the main factor to which this degrades a cell performance. 
However, when the symmetry un-annular sulfone which has the alkyl group chosen as a solvent from ethyl, 
n-propyl, an isopropyl, n-butyl, sec-butyl, an isobutyl/and t-butyl was used, it excelled in the preservation 
property, and a cycle property also finds out that a good cell is obtained and came to complete this 
invention. That is, if the above-mentioned symmetry un-annular sulfone is used for the solvent of the 
electrolytic solution, since it is chemically stable in itself, jt will be thought that a decomposition reaction 
stops being able to happen easily. Moreover, since it is chemically stable as compared with an unsymmetrical 
un-annular sulfone, a symmetry un-annular sulfone can offer the more excellent cell. 
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EXAMPLE 

[Example] Below, this invention is explained using a suitable example. 

[0012] A positive electrode carries out pressurization molding, after mixing enough the carbon powder as a 
lithium cobalt multiple oxide (LiCo02) and an electric conduction agent, and the fluororesin powder as a 
binder by the weight ratio of 90:3:7. A negative electrode carries out pressurization molding, after mixing a 
graphite and the fluororesin powder as a binder enough by the weight ratio of 91:9. 
[0013] Drawing 1 is drawing of longitudinal section of a cell. It is the case which serves as the 
positive-electrode terminal which 1 pierced the stainless steel ($US316) steel plate, and was processed in 
this drawing, and the obturation board which serves as the negative-electrode terminal into which 2 pierc d 
th stainless steel (SUSU316) steel plate, and it was processed, and the negative electrode 3 is contacted 
by the wall. The separator which consists of polypropylene into which 5 sank the organic electrolytic 
solution, and 6 are carrying out sealing obturation by binding tight the periphery of the obturation board 2 
which serves as a negative-electrode terminal the opening edge of the case 1 which is a positive electrode 
and serves as a positive-electrode terminal through a caulking and a gasket 4 to the inner direction. 
[0014] What dissolved the 6 fluoride [ phosphoric acid ] lithium in the organic solvent which mixed ethylene 
carbonate and the diethyl sulfone by the volume ratio 1:1 by the concentration of one mol/l. was used for 
the organic electrolytic solution. It did about 1 SOmicrol pouring in of the above-mentioned electrolytic 
solution at the cell. 

[0015] This cell size is 2mm in the diameter of 20mm, and height. And the cell created in this way was used 
as this invention cell (A). 

[0016] Everything but having used the mixture (volume ratio 1:1) of ethylene carbonate and a dipropyl 
sulfone, the mixture (volume ratio 1:1) of a sulfolane and a diethyl sulfone, and the mixture (volume ratio 1:1) 
of a sulfolane and a dipropyl sulfone as an organic solvent set to (B), (C), and (D) the cell of this invention 
considered as the same composition as this example, respectively. 

[0017] Everything but furthermore having used the mixture (volume ratio 1:1) of the mixture (volume ratio 
1:1) of the mixture (volume ratio 1:1) of ethylene carbonate and ethyl methyl carbonate, ethylene carbonate, 
and 1 and 2-dimethoxyethane, the mixture (volume ratio 1:1) of a sulfolane and ethyl m ethyl carbonate and a 
sulfolane, and 1 and 2-dimethoxyethane as an organic solvent for comparison calls the comparison cell 
considered as the same composition as the cell of this invention a (a) (b), a (c), and (d), respectively. 
[0018] Next, it is 10 cycle ******** about the charge-and-discharge cycle-life examination which charges 
these cells by the 2.0mA constant current until terminal voltage results in 4.2V, and discharges until terminal 
voltage similarly amounts to 3V in a 2.0mA constant current. After stopping in the state of charge, it stored 
for ten days in 85-degree-C thermostat. 5 cycle deed cell capacity was checked for charge and discharge 
on the same conditions after storage and as storage before. The service capacity before storage of each 
cell (10 cycle eye) and after storage (5 cycle eye) is shown in Table 1. 
[0019] 
[Table 1] 
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the Ming kana from the result of Table 1 — like, although the cell capacity before storage was concerned 
with the kind of cell and was [ that there is nothing ] of the same grade, the cell capacity after storage had 
deteriorated about 50% about 30% in a comparison cell (a) and a (b) at a comparison cell (c) The fall of cell 
capacity of this invention cell (A), (B), and (C) is as small as about 5% or less, and it turns out that the 
outstanding keeping ability is shown. 

[0020] In addition, although the above-mentioned example explained the case where a diethyl sulfone and a 
dipropyl sulfone were used as an un-annu!ar sulfone, the same effect will be acquired if the inside R of ** 1 
is the un-annular sulfone which is the alkyl group chosen from ethyl, n-propyl, an isopropyl, n-butyl, 
sec-butyl, an isobutyl, and t-butyl. 

[0021] As an example, a diisopropyl sulfone, a dibutyl sulfone, a diisobutyl sulfone, a G t-butyl sulfone, etc. 
are raised. Furthermore, in the above-mentioned example, although the case where a lithium cobalt multiple 
oxide was used as a positive active material was explained, various things, such as manganese dioxide 
including a lithium nickel multiple oxide (LiNi02) and 2 titanium sulfides, a spinel type lithium manganic acid 
ghost (LiMn 204), a vanadium pentoxide, and a molybdenum trioxide, can be used. Moreover, although the 
graphite was used as a negative electrode, a negative-electrode active material can use the 
negative-electrode active material which is not limited fundamentally but is used for the conventional lithium 
cell, for example, a metal lithium, a lithium alloy, etc. in using the electrolytic solution of this invention. 
Moreover, in the above-mentioned example, although the example of application to a rechargeable battery 
was explained, the same effect is acquired also in a primary cell. 

[0022] Moreover, a solute is not limited fundamentally, either. For example, one or more sorts, such as a 
lithium perchlorate, a 6 fluoride arsenic-acid lithium, 4 fluoride lithium borate, and a trifluoromethane 
sulfonic-acid lithium, can be used. 

[0023] In addition, although each cell concerning the aforementioned example is a coin form cell, the same 
effect is acquired even if it applies this invention to a cylindrical shape, a square shape, or a paper form cell. 
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DESCRIPTION OF DRAWINGS 



[Brief Description of the Drawings] 

["Drawing 11 It is drawing having shown the internal structure of the button cell which is an example of a 
nonaqueous electrolyte reqhargeable battery. 
[Description of Notations] 

1 Cell Case 

2 Obturation Board 

3 Negatjve Electrode 

4 Gasket 

5 Separator 

6 Positive Electrode 
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